In a search for lysogenic strains of Listeria monocytogenes grown on a medium containing tryptose and glucose, it was noted that a culture of Listeria monocytogenes (designated as strain 2) showed enhanced growth near colonies of all other strains of L. monocytogenes tested (Wentz, 1961) . That the capacity to enhance the growth of strain 2 was not limited to other strains of L. monocytogenes became evident in survey experiments, which demonstrated this ability in a wide variety of common bacteria and fungi. This unique stimulation of a Listeria strain had not been reported previously and thereby prompted this investigation. The research efforts of a number of workers have defined the amino acid and vitamin requirements of the Listeria (Porter and Pelczar, 1941; Hutner, 1942 Hutner, , 1944 Cury et al., 1952; Cury, Portellada, and Hutner, 1954; Patocka, Mara, and Schindler, 1960; Friedman and Roessler, 1961; Welshimer, 1963 departmental strains. All the organisms were maintained in a medium consisting of 2% tryptose (Difco) and 0.1% glucose.
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This report describes the cultural conditions required by Aerobacter aerogenes for production of the substance which enhances the growth of L. monocytogenes strain 2, and establishes the chemical identity of the growth substances as isobutyric and 2-methylbutyric acid.
MATERIALS AND METHODS
Listeria monocytogenes strain 2 was isolated by Marion Hood of Charity Hospital, New Orleans, from spinal fluid of a patient with meningitis. Serological tests placed the organism in serogroup 1. A. aerogenes and Staphylococcus aureus were departmental strains. All the organisms were maintained in a medium consisting of 2% tryptose (Difco) and 0.1% glucose.
Cultures and various preparations were tested for their ability to enhance the growth of L. monocytogenes strain 2 in petri dishes by use of the overlay method. Plates were poured with a medium composed of 0.5% tryptose, 0.1% glucose, and 1.5% agar; and overlaid with 3 ml of semisolid medium (0.6% agar), which had been inoculated with a loopful of a 24-hr broth culture of strain 2. Cultures to be tested for the ability to produce the growth-enhancing factor were spotinoculated on the solidified plates. Sterile preparations of materials suspected of containing growth factor were added in measured quantities to sterile filter-paper discs and placed on the assay plates. The relative potency of cultures or materials was determined by measuring the radius of the zone of enhanced growth after an incubation period of 24 hr at 35 C.
The growth-promoting capacities of culture supernatant fluids and other materials were also measured in liquid medium. To a series of 250-ml Erlenmeyer flasks containing 45 ml of tryptoseglucose broth, varied quantities of materials were added, and the volume was made up to 50 ml with distilled water. After sterilization by autoclaving, the flasks were inoculated with 0. In view of the failures to reproduce the stimulatory effect on the growth of strain 2 (obtained with growing cells of A. aerogenes and S. aureus) with culture filtrates and other materials, consideration was given to the physical factors necessary for growing those bacteria capable of forming the active material. One condition which existed on agar assay plates, but not in culture tubes, was the ready availability of oxygen. To duplicate this condition with broth medium, Erlenmeyer flasks containing tryptose-glucose medium were inoculated with A. aerogenes. The flasks were incubated at 35 C for 2 days on a New Brunswick rotary shaker. Flasks prepared in the same manner were incubated without shaking. At selected time intervals, flasks were removed and the contents were neutralized and then sterilized by filtration. Amounts of 0.1 ml of the sterile filtrates were added to filter-paper discs and assayed for the enhancing factor for strain 2. The results (Table 1) show that oxygen is required for growth factor excretion by A. aerogenes.
The effect of varied concentrations of tryptose and glucose on growth factor production is shown in Fig. 2 . No factor was produced in the absence of glucose, and concentrations of glucose above 0.1% suppressed growth factor synthesis. When a glucose-salts medium was employed, no factor production could be demonstrated over a wide range of sugar concentrations. A combination of filtrates from glucose-grown and tryptose-grown cells was inactive, which indicated that separate substances were not produced from the different substrates. The optimal conditions for factor production by A. aerogenes were oxygen, 2% tryptose, and 0.1% glucose.
With the environmental conditions for growth factor production by A. aerogenes defined, characterization and identification of the pertinent material were undertaken. Liter quantities of culture supernatant fluids were prepared, and samples were employed for determining heat stability, ether solubility, and steam volatility. The growth factor was stable at 121 C for 30 min. Continuous ether extraction removed the growth factor from acidified culture supernatant fluids, but not from culture supernatant fluids made basic with sodium hydroxide. The growth factor was recovered from the ether by extraction with dilute aqueous base. The factor could be steamdistilled from acidic, but not from basic, solutions. The chemical properties of the growth factor were those of a volatile fatty acid.
Preliminary identification of the fatty acids in active culture supernatant liquids was accomplished by extracting 1 liter of culture supernatant liquid with ether in a separatory funnel. The ether layer was then extracted with small quantities of 5 N NH40H. The resulting solution of ammonium salts was chromatographed on paper according to the method of Kennedy and Barker (1954) . Three fatty acids corresponding on the chromatogram to acetic, propionic, and a pentoic acid were discernible in the preparation from the culture supernatant liquids.
Because the chemical characteristics of the growth principle for strain 2 indicated a volatile fatty acid, and fatty acids were demonstrated in ether extracts of active culture supernatant fluids, assay plates were prepared and the growthenhancing ability of a series of commercial preparations of fatty acids was determined. The results are recorded in Table 2 . Of the acids tested in this manner, only n-valeric, isovaleric, isobutyric, and 2-methylbutyric acids were capable of enhancing the growth of strain 2.
To evaluate more carefully the growth-promoting capacities of the different volatile fatty acids which had been shown to be active on plate assays, growth experiments were done in broth medium. First experiments demonstrated considerable growth of strain 2 in tryptoseglucose broth in the absence of added fatty acid, which made it difficult to demonstrate the quantitative and qualitative requirement by strain 2 for volatile fatty acid. It seemed most probable that the responsible substance in tryptose was a volatile fatty acid. By stirring tryptose powder with acidified 95% ethanol for 4 hr, a tryptose preparation was obtained which would not support significant growth of strain 2 unless fatty acid was incorporated into the medium.
A basal medium containing 2% extracted tryptose and 0.1 % glucose was employed in obtaining the results shown in Fig. 3 . Isobutyric or 2-methylbutyric acids supported maximal growth at a concentration of 0.1 pmole/ml. 1.5 * Formic, acetic, propionic, n-butyric, ncaproic, n-heptanoic, n-octanoic, n-nonanoic, n-decanoic, n-undecanoic, n-10-undecenoic, oleic, linoleic, linolenic, arachidic, erucic, and sebacic acids were inactive.
Isovaleric, n-valeric, and 3-methylvaleric acid possessed nearly equal growth-promoting activity, although the responses were less pronounced than with isobutyric and 2-methylbutyric acid. Strain 2 responded slightly to isocaproic acid.
In view of the response of strain 2 to a number of volatile fatty acids, commercial preparations of fatty acids were purified by gas chromatography. The ability of the purified fatty acids to support the growth of strain 2 was determined in liquid medium (Table 3) . Isobutyric and 2-methylbutyric acid supported good growth, whereas the other purified fatty acids showed little or no ability to enhance the growth of stain 2.
The following compounds, structurally related to fatty acids, were tested for the ability to stim- ulate the growth of strain 2 and were found inactive: isobutylamine, isopentylamine, n-pentylamine, 2-methylbutylamine, isobutyl alcohol, 1-hydroxy-n-pentane, isopentanol, 1-hydroxy-2-methyl-n-butane, 2-hydroxyisovaleric acid, and 2-hydroxy-2-methylbutyric acid.
DISCUSSION
The cultural conditions required by A. aerogenes for excretion into the medium of volatile fatty acids which will enhance the growth of L. monocytoaenes strain 2 are a relatively high concentration of tryptose, a limited quantity of glucose, and the ready availability of oxygen. The requirement for oxygen indicates that the volatile fatty acid is formed by oxidative degradation of a precursor molecule. The most likely precursors of the branched-chain volatile fatty acids are valine, leucine, and isoleucine (Greenberg, 1961) . If the fatty acid is formed from these amino acids, the requirement for tryptose is clear. This explanation is in agreement with the observation that the fatty acid is not produced in a glucose-salts medium. The requirement for a limited amount of glucose in the medium may be related to a sparing effect on amino acids as an energy source, whereas concentrations of glucose above 0.1 % may suppress formation of enzymes which account for the degradation of amino acids.
A nutritional requirement for volatile fatty acids by microorganisms is not common. Bryant and Doetsch (1955) showed that the rumen bacterium, Bacteroides succinogenes, required a branched-chain and a straight-chain volatile fatty acid for growth. Later Allison, Bryant, and Doetsch (1958) , Wegner and Foster (1960) , and Bryant and Robinson (1962) reported other rumen bacteria required volatile fatty acids for growth. Socransky et al. (1964) reported that an oral spirochete, Treponerna microdentium, required isobutyric acid for growth; however, the isobutyric acid could be effectively replaced by putrescine, spermine, or spermidine. Only 2 ,4g/ml of isobutyric acid were required for maximal growth by T. microdentium. The rumen bacteria and the Listeria employed in this report require greater concentrations of fatty acid for optimal growth response. A need for a volatile fatty acid among isolates of Listeria seems to be exceptional. Of 128 isolates in our departmental collection, only strain 2 responds to the addition of fatty acid to the culture medium. It may be that isolation procedures for Listeria select for the fatty acid-independent strains, and only rarely are the dependent strains isolated.
The metabolic function of the volatile fatty acids in rumen bacteria has been studied. Allison, Bryant, and Doetsch (1962a) The only fatty acids (Tables 2 and 3 ) of those tested which would support good growth of strain 2 were isobutyric and 2-methylbutyric acid, which posssess in common a methyl gIroup in the 2 position. Isovaleric and 3-methylvaleric acid, which have the methyl group in the 3 position, possessed little growth activity. nValeric acid possessed some activity, although to a lesser degree than isobutyric and 2-methylbutyric acid. The requirement for a branchedchain fatty acid is emphasized by the lack of growth-promoting activity of the shorter and longer chained fatty acids, whether of the saturated or unsaturated structures.
Substitution of a hydroxy group in the fatty acid molecule resulted in loss of growth-supporting ability. Similarly, the amine and alcohol analogues of the active fatty acids were inactive. L. monocytogenes probably lacks the enzyme systems which are responsible for oxidation of amines and alcohols to fatty acids.
